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ABSTRACT
Alternaria spp. are among the major fungal contaminants of wheat grain under postharvest and
storage conditions, where A. arborescens was recently detected as a new member of this
complex in Argentina causing black point. The aim of this study was to assess the potential of
some biorational agents to control A. arborescens and their plant growth promoting of wheat.
Seed treatments with spore suspensions of Trichoderma harzianum and Eppicoccum nigrum,
extracts from Lippia alba and garlic, sodium bicarbonate, salicylic acid (SA), potassium chloride
and dibasic sodium phosphate (SP) were applied to grains of wheat cultivar BIOINTA 1004
before their inoculation with the pathogen. After 7 days, seed germination and infection,
necrotic symptoms on emerged seedlings and fresh weight were evaluated. Remarkable results
were obtained with L. alba, SA and SP treatments that reduced symptoms markedly compared
with the control. Interestingly, necrosis of radicles was significantly reduced by the application
of all treatments tested. Moreover, fresh weight of seedlings was significantly increased with
the application of the two antagonists, diluted garlic juice and the three tested salts in
comparison with controls. Therefore, a positive role as growth promoters can be elucidated. It
is concluded that compounds here tested have potential as ecofriendly alternatives to control
seed-borne Alternaria fungi of wheat.
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Introduction
Wheat (Triticum aestivum L.) is an important cereal
crop in Argentina grown extensively in different parts
of Buenos Aires Province. From seed germination to
harvest, wheat is attacked by a great number of fungi,
which under certain climatic conditions significantly
reduce the yield and quality of the crop. Some of the
fungal diseases are seed-borne and transmitted
through seeds (Mathur & Cunfer 1993; Agrios 2005;
Fakhrunnisa et al. 2006). Of the various fungal organ-
isms associated with wheat, members of Alternaria
complex reduce germination and vigor of wheat seed
and cause seedling blight disease in Argentina (Perello
& Larran 2013; Perello et al. 2015). Alternaria arbores-
cens is a ubiquitous fungus that can be found in many
kinds of plants such as wheat (Patriarca et al. 2007).
Inoculations on wheat grains in Argentina showed the
pathogenicity of isolates and symptoms of discolor-
ation, blight and spots on seedlings leaves, radicular
necrosis and weakness of emerged plants (Perello et al.
2015). Moreover, A. arborescens can produce several
mycotoxins, such as alternariol, alternariol mono-
methyl ether, tenuazonic acid and phytotoxins, such as
the AAL toxins (Gargouri-Kammoun et al. 2014;
Vaquera et al. 2014).
Planting cereal seeds free of seed-borne pathogens is
the primary means of limiting the introduction of
pathogens into a field. Planting infected seed may also
result in widespread distribution of disease within the
crop, and allows for an increased number of initial
infection sites from which the disease can spread. Man-
agement approaches of seed-borne fungi have been
mainly focused on the use of synthetic fungicides. How-
ever, their efficacy can be limited by the rapid develop-
ment of resistance of the pathogen to these compounds.
Chemicals applied as either seed dressing or spray, such
as Abendazim, Benomyl, Benomyl C copper sulfate,
probenazole, thiabendazole and pyroquilon fungicides
have been used in different rice growing countries to
manage the disease. However, such chemicals are
expensive, not easily available to small-scale farmers
and have detrimental effects on the environment,
farmer and consumer health, beneficial predators and
parasitoids. In order to use integrated pest and disease
management in the protection of cereals, new strategies
are considered that match the growing concern about
the consequences of the use of fungicides on both
health and environment (Deverall 1995; Arslan et al.
2009). Efforts have, therefore, been made to allow the
use of generally recognized as safe (GRAS) compounds
(natural plant products or chemicals), and microbial
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antagonists as alternative fungicides to manage plant
diseases (Dionisio et al. 2004; Arya & Monaco 2007;
Arya & Perello 2010).
Plant extracts have been known for their medicinal
and antimicrobial properties since ancient times
(Lalhita et al. 2010). Gurjar et al. (2012) and Amadioha
(2000) reported that plant extracts from Azadirachta
indica A. Juss., Allium sativum L., Eucalyptus globulus
L., Curcuma longa L., Nicotiana tabacum L., and Zin-
giber officinale Rosc inhibited growth of pathogens
such as Alternaria alternata. Natural chemicals from
plants offer a greater scope than synthetic chemicals as
they are relatively safe, easily biodegradable and eco-
friendly (Dal Bello & Sisterna 2010). Furthermore, bot-
anicals are cheap, readily available and cost effective in
developing countries where synthetic fungicides are
scarce and expensive for resource-poor farmers (Mos-
sini et al. 2004; Hasan et al. 2005). The use of some
non-hazardous chemicals is another potential means
for protecting crop plants from fungal diseases. Inor-
ganic salts including bicarbonate and phosphate have
widely been used in the food industry as preservatives,
pH regulators, and antimicrobial agents and are known
to have low mammalian toxicity (Olivier et al. 1998;
Mecteau et al. 2002; Palou et al. 2002; Mills et al. 2004;
Mecteau et al. 2008; Arslan et al. 2009). These salts are
generally recognized as safe (GRAS) by the United
States Food and Drug Administration (FDA) (FDA
2009). In addition, several of them were reported to
have broad inhibitory effect against a range of fungal
plant pathogens (Montville & Shih 1991; Olivier et al.
1998; T€urkkan & Erper 2014). Mann et al. (2004)
found 50% reduction in the leaf area of winter wheat
plants affected by Septoria tritici leaf blotch after foliar
application of potassium chloride, compared with
untreated controls. Similarly, it is known that
exogenous application of salicylic acid would activate
systemic acquired resistance (SAR) against phytopath-
ogens. For instance, Mandal et al. (2009) demonstrated
that exogenous application of salicylic acid through
root feeding and foliar spray could induce resistance
against Fusarium oxysporum f. sp. lycopersici in
tomato. Salicylic acid added at the stem base of tobacco
plants resulted in significant protection against blue
mold caused by Peronospora tabacina (Zhang et al.
2002). Earlier work has shown that challenge inocula-
tion of salicylic acid-treated tomato plants using
conidia of Alternaria solani resulted in a higher reduc-
tion of lesions per leaf and the blighted leaf area as
compared with control plants not receiving salicylic
acid (Spletzer & Enyedi 1999).
Regarding biological control of plant diseases, the
use of microbial antagonist is currently receiving
increased research effort to enhance the sustainability
of agricultural production systems and to reduce the
use of chemical pesticides. Consequently, the possibil-
ity of controlling pathogenic fungi by antagonistic
microorganisms has been widely explored (Zhou &
Reeleder 1990; Biggs & Alm 1991; Larena et al. 2004).
In previous studies in Argentina, various fungal
microbes have shown potential as biocontrol agents in
the management of foliar wheat diseases. Among
them, species of Trichoderma and Epicoccum are
highly efficient antagonists and could become good
biocontrol agents (Perello & Monaco 2007).
Accordingly, this investigation examines: (1) the
potential of some antagonists (Trichoderma harzianum
Rifai and Epicoccum nigrum Link (syn. Epicoccum pur-
purascens Ehrenb. ex Schlecht.), botanicals (Lippia
alba and A. sativum extracts) and substances catego-
rized as GRAS (sodium bicarbonate, salicylic acid,
potassium chloride and dibasic sodium phosphate) for
the control of A. arborescens on wheat seeds; and
(2) the effect of the above agents on seed germination,
plant biomass and growth.
Materials and methods
Seed material
Wheat cultivar BioINTA 1004 was used throughout in
this study. The field-collected seed samples were trans-
ported to the Centro de Investigaciones de
Fitopatologıa (CIDEFI) laboratory at Facultad de
Agronomıa de la Universidad Nacional de La Plata
(UNLP) and stored at 4 C for further testing.
Selected fungal isolates and culture conditions
The culture of A. arborescens Aa 2113 used in this
study was previously characterized by its morphobio-
metrical and molecular features (Perello et al. 2015)
and stored at 5 C in the refrigerator at the culture col-
lection of CIDEFI-FCAyF UNLP, Argentina. The fun-
gus was transferred to Petri dishes containing potato
carrot agar (PCA) (20 g potato, 20 g carrot, agar pow-
der and 800 mL of distilled water). The Petri dishes
were sealed and incubated at 22 C–24 C for 5 days in
alternating cycles of 16 h light and 8 h darkness to
induce growth of A. arborescens and were kept upside
down. The pure cultures of the isolate were grown on
V8 agar (3 g calcium carbonate, 200 mL V-8 juice and
20 g agar in 800 mL of distilled water) for 14 days to
induce sporulation. The PCA was used for producing
A. arborescens conidia. The Petri dishes containing A.
arborescens inoculum were stored in the refrigerator at
5 C for further use.
Cultures of the antagonists T. harzianum (Th 56)
and E. nigrum (En 0314) were obtained from wheat
grains micoflora and maintained on potato dextrose
agar (PDA) at the culture collection of CIDEFI-FCAyF
UNLP at 5 C.
Before treatments, fungal isolates were grown on
PCA (A. arborescens) and PDA (T. harzianum and
E. nigrum) in a growth chamber at 22 C–24 C for
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14 days in alternating cycles of 16 h light and 8 h dark-
ness under fluorescent and near ultra violet (NUV)
(365 nm) lighting. Then, 5 mL distilled water contain-
ing 0.0125% Tween 80 were added to sporulating cul-
tures, and the surface was gently rubbed with a rubber
scraper. The conidial suspensions were vortexed for
30 sec and filtered through cheesecloth to remove
mycelial debris. Spore concentration was counted
using a hemocytometer and adjusted to 1 £ 106 (A.
arborescens) or 1 £ 108 (antagonists) conidia/mL by
the addition of sterilized distilled water.
Plant extracts
Plants species used as sources of extracts in this study
were L. alba and A. sativum (garlic). Essential oils were
extracted from leaves of L. alba chemotype carvone col-
lected from fields located in La Plata, Province of Buenos
Aires, Argentina during March 2014 to June 2014. The
leaves were dried in absence of sunlight at room temper-
ature (25 § 5 C) and grounded in a domestic mixer.
The dried powdered material was hydro-distilled in Cle-
venger apparatus to yield essential oils and then dehy-
drated with anhydrous sodium sulfate. L. alba essence
concentration was 5% formulated in distilled water with
5% polyethyleneglicol oleate as emulsifier. Garlic extract
was obtained from fresh garlic bulbs desegmented and
deskinned. The segments were sterilized by washing
with 3% sodium hypochlorite for 2 min followed by five
to six washings with distilled water. They were then
ground in aseptic pestle and mortar with 100 mL of dis-
tilled water. After that, the juice was filtered through
Whatman No. paper and then sterilized with Millipore
filters of 0.45 mm for use in the treatments (Alcala de
Marcano et al. 2005). The extracts were then kept at
4 C for 2 days until their use.
GRAS compounds
GRAS substances used in this study (concentrations
related to previous studies) included sodium bicarbon-
ate (84 mg/L), salicylic acid (45.6 mg/L), potassium
chloride (3.7 g/L) and dibasic sodium phosphate
(7.2 g/L) diluted in distilled water. Aliquot (50 mL) of
each solution was placed into individual small beakers
just before the seeds were treated.
Treatment of seeds
Four hundred seeds of the wheat variety BioINTA 1004
were surface disinfected by inmersion in 1% sodium
hypochlorite (NaOCl) solution for 5 min and washed
three times with distilled water. For screenings, disin-
fected seeds were treated with the bioprotectants prior to
be artificially infested with the pathogen. Botanicals (Lip-
pia and garlic extracts), chemical compounds
(salicylic acid, sodium bicarbonate, potassium chloride
and sodium phosphate) and the two antagonists (T. har-
zianum and E. nigrum) were applied to wheat seeds by
the submersion technique during 30 min. After treating,
the grains were air dried at 20 C–22 C for 12 h under
a laminar flow hood. Subsequently, the seeds were sub-
mersed in 20 mL spore suspension (1£ 106) of A. arbor-
escens for 10 min, excess liquid was poured off and the
coated seeds were dried for 2 h under a stream of sterile
air provided by a laminar air flow bench. The treatments
consisted of wheat grain treated with A. arborescens; A.
arborescens C L. alba; L. alba; A. arborescens C E. nig-
rum; E. nigrum; A. arborescens C T. harzianum; T. har-
zianum; A. arborescens C salicylic acid; salicylic acid;
A. arborescens C garlic; garlic; A. arborescens C sodium
bicarbonate; sodium bicarbonate; A. arborescens C
potassium chloride; potassium chloride; A. arborescens
C sodium phosphate; sodium phosphate; and sterile dis-
tilled water. Wheat seeds soaked in distilled water and
A. arborescens alone were included in the experiments as
negative and positive controls, respectively.
The grains thus treated were placed in plastic trays
following ISTA rules (1993, 2008). Two hundred seeds
in four replicates (50 seeds per replicate) were tested
per each extract/antagonist/chemical. Treated seeds
were put into plastic trays and kept under screen house
conditions (22 C–25 C). The effect of treatments on
seed germination was evaluated after 7 days of incuba-
tion by counting the number of normal seedlings,
abnormal seedlings and dead seeds as recommended
by International Seed Testing Association Seedling
Evaluation Handbook (Mathur & Kongsdal 2004).
Also, spotted grains, necrosis of radicles and coleop-
tiles, and fresh weight of emerged seedlings were ana-
lyzed in order to evaluate the effect of the extracts on
seedling growth and vigor
Germination was considered present when the radi-
cal protrudes reached 2–4 mm. Seedlings were moni-
tored for appearance of symptoms during two weeks.
Fourteen days after sowing, the condition (visual
appearance) of seedlings in each treatment was
recorded (Shafique et al. 2007). Seedlings emergence
and seedling mortality were evaluated and the percent
of emerged seedlings was calculated. The presence of
visible symptoms (seed rot, germination failure and
infection or death of emerged seedlings) caused by the
pathogen was registered by examining the seeds under
stereo-binocular microscope.
Fresh weight was recorded based on individual
plants carefully removed from each tray 14 days after
treatment. Fresh weight measurements were made on
a laboratory scale (Mettler AE 163, Switzerland).
Data analysis
Experiments were arranged in a completely random-
ized design and repeated twice with similar results.
All data collected were analyzed based on analysis of
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variance (ANOVA) model using GenStat statistical
software. Means were separated by least significant dif-
ference (LSD) test at P D 0.05. Analysis of data of the
two experimental runs invariably resulted in treatment
effects in the same significance classes. Similarity
among experimental runs allowed combining of data
for ANOVA.
Results
The germination of BioINTA seeds inoculated with A.
arborescens was of 86.6% (Figure 1). This value was
not statistically different from the obtained from grains
treated only with distilled water (80%). According to
these results, the fungus does not affect the germina-
tion of wheat grains. Two treatments, salicylic acid and
Lippia were phytotoxic to the concentration tested
(100% grains without emergence). Interestingly, E. nig-
rum applied to grain, significantly increased the germi-
nation percentage in comparison with the control
(treatment with distilled water) (Figure 1).
Grains of the cultivar BioINTA 1004 inoculated
with A. arborescens reached almost 100% infection
7 days after inoculation with the fungus (Figure 2).
Seedlings that emerged from the seeds inoculated with
A. arborescens showed weakness, chlorosis of coleop-
tiles or reduced length. Necrotic symptoms were con-
sistent with typical symptoms descriptions as “black
point” of wheat. The necrosis observed in the grains
was partial or total in some cases. Abundant mycelium
of A. arborescens, light gray or dark in color, cottony,
was observed onto the surface of infected seeds. There
were significant differences (P  0.05) between the
control and all the treatments applied. These results
indicate that the antagonists, plant extracts and salts
tested against A. arborescens had a positive effect in
inhibiting infection by the fungus. Considering the
necrotic symptoms observed, all treatments signifi-
cantly reduced symptoms. Previous assays using garlic
extract to reduce seed borne fungi of wheat grains in
agreement with the present results (Perello et al.
2013a, 2013b). The interest in the replacement of syn-
thetic fungicides with, e.g. plant-derived products, is
especially related to the biodegradability of natural
products. Extracts showed antifungal activity and a
documented effect was shown against plant pathogens
in situ (Tripathi & Dubey 2004; Yeni 2011). Remark-
able results were obtained with L. alba, salicylic acid
Figure 1. Grain germination (%) of wheat cv BioINTA 1004 inoculated with Alternaria arborescens alone (control) and in combina-
tion with Lippia alba, Epicoccum nigrum, Trichoderma harzianum, salicylic acid, garlic extract, sodium bicarbonate, potassium chlo-
ride, sodium phosphate and distilled water. Columns denoted by a different letter indicate significantly different values at P  0.05
in one-way ANOVA.
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and sodium phosphate treatments that in combination
with Alternaria, reduced more than 50%. Also note-
worthy is the effect of T. harzianum and potassium
chloride improving the health of naturally infected
grains. On the other hand, necrosis, rot, and shorten-
ing of radicles from the emerged infected seedlings
were observed after 7 days of inoculation with the
pathogen. These symptoms were observed in the
33.3% of grains in the control treatment (Alternaria).
This percentage was significantly reduced with the
application of the two antagonists (Epicoccum and Tri-
choderma), plant extracts (L. alba and garlic) and the
tested salts (sodium bicarbonate, potassium chloride,
sodium phosphate). Fresh weight of 14 days old seed-
lings was increased significantly with the application of
the two potential antagonists (Epicoccum and Tricho-
derma) and the three tested salts (sodium bicarbonate,
potassium chloride and sodium phosphate) applied in
combination with Alternaria (Figure 3). These sub-
stances increased the seedling growth (leaf and root
fresh weight/plant) in applications alone when com-
pared with the value of grains treated with distilled
water only (Figure 3). Therefore, a positive role as
growth promoters can be elucidated.
Discussion and conclusion
Among the antagonists tested, E. nigrum is an ubiqui-
tous hyphomycete which grows saprophytically on
many substrates. E. nigrum produces many secondary
metabolites such as antibiotics (Tuttobello et al. 1969;
Deffieux et al. 1976; Baute et al. 1978) and carotenoid
pigments (Foppen & Gribanovski-Sassu 1968). The
quantity of the exuded carotenoid pigments, as well as
the dynamics of the growth of E. nigrum (Tuttobello
et al. 1969) are diverse, and as such they affect growth
and development of other fungi. E nigrum has been
described as an organism antagonistic to several fungal
pathogens, such as Fusarium spp. (Ogorek & Plaskow-
ska 2011), Sclerotinia sclerotiorum (Zhou & Reeleder
1989; Pieckenstain et al. 2001), Colletotrichum gloeo-
sporioides (Pandey et al. 1993), Colletotrichum kaha-
wae (Guerra-Guimar~aes et al. 2007), Botrytis cinerea,
Monilinia laxa (Larena et al. 2004) and to some bacte-
ria (Punja 1997). Similarly, a significant increase in
seedling growth parameters (seedling length and fresh
and dry weights) was previously observed in seedlings
treated with E. purpurascens compared to pathogen-
treated seedlings (Koubt & Ali 2010). On the other
hand, it is well known that Trichoderma species can be
used as biocontrol and plant growth promoting agents.
In this study, T. harzianum isolates evaluated for their
growth promotion effects on wheat in greenhouse
experiments increased wheat length, root dry weight
and shoot dry weight (Kukuc 2014).
Inorganic salts, such as bicarbonates, chlorides and
phosphates, have been shown to have activity against
certain pathogens (Reuveni et al. 1993; Aharoni et al.
1997; Heckman 1998; Reuveni et al. 1998). Foliar-
applied sodium bicarbonate was shown to inhibit the
germination of powdery mildew Podosphaera xanthii
on cucumbers and to cause abnormal conidial
formation with reduced pathogenicity (Homma et al.
1981). Reuveni et al. (1998) showed that pre and
Figure 2. Grain with necrotic symptoms of cv BioINTA 1004 inoculated with A. arborescens alone (control) and in combination with
L. alba, E. nigrum, T. harzianum, salicylic acid, garlic extract, sodium bicarbonate, potassium chloride, sodium phosphate and dis-
tilled water. Columns denoted by a different letter indicate significantly different values at P  0.05 in one-way ANOVA.
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postinoculation treatments with monopotassium phos-
phate inhibited powdery mildew (Leveillula taurica) on
peppers, significantly reducing sporulation 18 days
after inoculation compared with untreated control
plants. Cook et al. (1993) showed foliar-applied potas-
sium chloride to be effective against powdery mildew
[Blumeria graminis (syn. Erysiphe graminis)] and S. tri-
tici in a field experiment. Similarly, the efficacy of
sodium salts as possible alternatives to synthetic fungi-
cides for the control of a broad group of phytopatho-
gens was demonstrated including many species of
Alternaria like A. cucumerina, (Ziv & Zitter 1992),
A. alternata, (Mills et al. 2004), and A. solani, (Abdel-
Kader et al. 2012). In this study, salicylic acid signifi-
cantly reduced the symptoms caused by A. arborescens
on infected wheat seeds. Similarly, the population of
all fungi present in naturally infected seed samples of
Momordica charantia (bitter gourd) was reduced by
using salicylic acid (Shakoor et al. 2011). There have
been several reports on the efficacy of salycilic acid as
protectant against fungal diseases, including soilborne
fungi, attributed to its central role in the SAR. (Yalpani
et al. 1991; Nie 2006; Mandal et al. 2009). Accordingly,
our results might be a case of salicylic acid-dependent
systemic acquired resistance. However, salycilic acid at
the concentration used in this research (0.33 mM),
inhibited seed germination. The exogenous application
of salycilic acid to plants results in a range of physio-
logical responses including phytotoxicity symptoms
(War et al. 2011; Durango et al. 2013) and inhibition
of both seed germination (Leslie & Romani 1988) and
plant growth (Raskin 1995). It was reported that sali-
cylic acid inhibits seed germination in maize and Ara-
bidopsis (Khan & Ungar 1986; Guan & Scandalios
1995). Xie et al. (2007) showed that salicylic acid also
blocks barley seed germination and post-germination
growth in a dosage dependent manner. Salicylic acid
might exert its suppressing activity on seed germina-
tion through induction of a WRKY gene repressor
which blocks gibberellic acid induction of a-amylase
expression. The production of this enzyme in aleurone
layers is believed to be essential for seed germination
in cereal grains (Xie et al. 2007). Our study showed
that aqueous extracts of L. alba inhibits seed germina-
tion of wheat. It could be related to the phytotoxic
activity of carvone, the main component of the chemo-
type here tested. Phytotoxicity effects of some naturally
occurring monoterpenes, such as carvone on cultivated
plants including wheat seeds and other cereals, have
been observed (Ibrahim et al. 2001).
Figure 3. Fresh weight (g) of 14 days old seedlings of wheat cv BioINTA 1004 inoculated with A. arborescens alone (control) and in
combination with L. alba, E. nigrum, T. harzianum, salicylic acid, garlic extract, sodium bicarbonate, potassium chloride, sodium phos-
phate and distilled water. Columns denoted by a different letter indicate significantly different values at P  0.05 in one-way ANOVA.
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The current findings suggest that the tested substan-
ces can be used as seed treatments for the control of
A. arborescens in wheat seeds and for improving wheat
seedling growth. Moreover, they could be safe and eco-
friendly fungicides compared to synthetic chemicals.
More studies are therefore, needed to determine the
most effective formulation against A. arborescens. Iden-
tification and characterization of the active compounds
from currently tested plant extracts and their role in
wheat seedborne diseases control are also needed. Fur-
ther research on the range of activity of GRAS substan-
ces, plant extracts and antagonists for control of other
wheat pathogens is also recommended.
It is concluded that compounds here tested, particu-
larly the two antagonists – T. harzianum and E. nig-
rum –, diluted garlic juice and the tested salts sodium
bicarbonate, potassium chloride and dibasic sodium
phosphate have potential as biofertilizers and eco-
friendly alternatives to conventional fungicide treat-
ments to control seed-borne fungi of wheat. These
results generally indicated that, salicylic acid and L.
alba extract used can be phytotoxic to wheat seedlings
depending on the concentration assayed. More studies
are, therefore, needed to confirm the current findings
and to determine the most effective formulation
against A. arborescens.
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